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(54) Programmable probe system 

(57) A programmable probe system for a machine 
includes a probe 2, an interface 10 and a two-way optical 
communication link 46.48,50,52 between them. The 
probe includes signal conditioning electronics 42, a 
power supply 44, a plurality of on/off switch circuits 43 
whereby the electronics may be connected to, and dis- 
connected from, the power supply by a variety of means, 
for example, an optical signal, or a mechanical switch 
and a timing circuit. The probe also includes a micro- 
processor which can be externally programmed from 
the interface to select one or other of the on/off switch 
circuits. Where the probe includes a radio transmission 
for transmitting probe data to the interface, it is also pro- 
vided with a synthesiser 38 for generating different op- 
erating frequencies for the transmission system. The mi- 
croprocessor can also be programmed from the inter- 
face to change the frequency of the system where re- 
quired. 
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Description 

The present invention relates to programmable 
probe systems. 

Probes fall Into two main categories known as an- 
alogue or touch trigger probes. In almost all cases, 
probes include electronic systems for conditioning the 
signals generated by the probe prior to these signals be- 
ing passed to an interface on a machine. 

The probe signals may be passed to the machine 
through a hard wired communication link, which is fairly 
normal practice on coordinate measuring machines, or 
may include wireless transmission systems, for exam- 
ple infra-red or radio transmission systems, which is 
more common on machine tools. 

The electronic systems used need to be powered, 
and in most instances power is provided from a battery 
in the probe "itself. In order to preserve battery life the 
probe is switched off when not in use, and is only 
switched on when it is required to be used in a probing 
operation. 

Various methods have been devised for switching 
on a probe when required for a probing operation. For 
example, the probe may include a centrifugal switch 
which is actuated by spinning the probe above a certain 
speed, and actuation of this switch connects the probe 
circuits to the battery. Other methods of switching on the 
probe include a mechanical switch in the shank of the 
probe which is operated as soon as the probe is inserted 
into the machine spindle, and an optical system in which 
an infra-red signal sent from a remote position on the 
machine is received by an optical receiver on the probe 
which makes the connection to the power supply. 

In addition there are also a variety of methods of 
switching the probe off, or back into a standby mode, 
after a probing operation has been completed. The 
methods include the use of a centrifugal switch, an op- 
tical signal from the machine, or using a timing circuit 
within the probe to switch off the probe if no probing op- 
eration has taken place for a specified interval. 

In the past any given probe has been provided with 
one method of switching on and off, and depending on 
the type of machine in which the probe is to be used, 
the user has had to select a particular type of probe to 
suit his machine requirements. 

This has led to a proliferation of probe types, with 
the probe manufacturer having to stock a variety of 
probe types in order to satisfy different customer de- 
mands. 

More recently, steps have been taken to attempt to 
minimise the number of different probes which it is re- 
quired to stock by providing a probe in which more than 
one method may be used for switching the probe on or 
off, and the operator has the choice by manually oper- 
ating a switch to select which type of operation is suita- 
ble for his machine. 

It is an object of the present invention to provide a 
programmable probe system in which the probe is pro- 



vided with a plurality of switch-on mechanisms along 
with associated switch circuits, and in which the probe 
may be programmed externally to select one of the 
switch circuits, whereby different ones of the switchon 

s mechanisms may be activated. 

The concept of the invention may however be ex- 
tended beyond simply programming the method by 
which the probe power is switched on and off. Thus the 
probe may be provided with other optional features 

10 which can be selected by programming the probe from 
outside. 

For example, one particular form of transmission 
which is used by probes is a radio transmission. In order 
to accord with various national laws, the bandwidths of 
*s the transmission frequencies for use with radio probes 
are quite limited. Also, because of the range of the radio 
transmissions, there is a danger of interference by the 
probe with other electronic apparatus used by machine 
or even other probes on nearby machines. For this rea- 

*> son the available bandwidths are divided into relatively 
narrow channels and each probe is arranged to transmit 
only on one of the narrow channels. In the past, the fre- 
quency of the narrow channel has been set during man- 
ufacture of the probe, and in order to provide a plurality 

25 of probes with different frequencies of transmission this 
has required a stock of probes being maintained so that 
a choice of channel is available to the customer. 

Another object of the invention is to provide a pro- 
grammable probe system in which the probe is able to 

30 operate on one of a plurality of externally programmable 
radio channel frequencies. 

These objects and others are achieved in a pro- 
grammable probe system in accordance with the inven- 
tion as stated below and as claimed in the appended 

35 claims. 

According to the present invention a programmable 
probe system for a machine comprises a probe, an in- 
terface and a wireless communication link therebe- 
tween, wherein: 

40 

the probe includes a plurality of optional features 
which are selectable by external programming, and 
a microprocessor which is programmable to select 
any of the optional features; 
45 the interface is rnountable on the machine and in- 
cludes a microprocessor which is programmable by 
an operator to determine which of the optional fea- 
tures in the probe is to be selected; and 
the wireless communication link includes a trans- 
50 mitter on the interface for sending to the probe a 
signal which comprises program instructions for the 
microprocessor in the probe relating to the selection 
of optional features to be made, and a receiver on 
the probe for receiving said signal to enable the mi- 
ss coprocessor in the probe to make said selection of 
one of the optional features. 

In one embodiment of the invention the selectable 
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optional features are switch circuits by means of which 
the probe electronics may be connected to, and discon- 
nected from, the power supply in the probe. 

In another embodiment of the invention the selecta- 
ble optional features are frequency channels for a radio 5 
transmission system of the probe. 

Examples of the invention will now be more partic- 
ularly described with reference to the accompanying 
drawings in which: 



Fig 1 shows a probe incorporating the invention; 
Fig 2 is a diagrammatic representation of the cir- 
cuits in the probe and the interface; and 
Fig 3 shows the layout of the front panel of the in- 
terface. 

Referring now to Fig 1, there is shown a probe 2 
which may be a conventional touch trigger or analogue 
probe and which has a shank 1 for attachment to a ma- 
chine tool spindle 7. 

The probe has a housing within different sections 
of which are contained a radio transmission system 3, 
the signal conditioning electronics 4 and a mechanical 
suspension system 5 for a stylus 6 which projects out- 
wardly from the bottom of the housing. 

The radio transmission system communicates 
probe data relating to a measuring operation from the 
probe to an interface 10 mounted on the machine (not 
shown). 

Referring now to Figs 2 and 3, the circuit in the in- 
terface 10 includes a radio receiving circuit 12, a syn- 
thesiser 14, which generates the frequencies for use in 
the radio circuit, and a microprocessor 16 which is con- 
veniently of the type known as the PIC series made by 
Arizona Microchip Corporation of the United States of 
America. The microprocessor includes a memory sec- 
tion in the torm of an EE PROM (electrically erasable 
programmable read only memory). Also in the interface 
are six status LEDs 18.20,22,24.26 and 28, two push 
button selector switches 30,32 and a channel indicator 
34. 

The circuit 60 in the probe includes a radio trans- 
mission circuit 36, a synthesiser 38 for generating the 
frequencies to be used in the radio circuit, and a further 
PIC microprocessor 40 with an associated EE PROM. 

In addition, shown diagrammatically. there are the 
probe electronics 42, which include the conditioning 
electronics 4 which condition the probe signal for trans- 
mission to the interface 10 over the radio transmission 
system, and the different switch circuits 43, for connect- 
ing and disconnecting the probe electronics with a pow- 
er supply 44. Although indicated as being separate, 
clearly many of the functions of the probe electronics 
and switch circuits may be incorporated into the micro- 
processor 40. 

The two microprocessors 16,40 are connected by 
a wireless two-way communication link, which may be 
of relatively short range comprising, for example, trans- 
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mitting and receiving photodiodes 46,48 provided near 
the exterior of the interface, and transmitting and receiv- 
ing photodiodes 50,52 provided on the probe. 

The microprocessor 16 in the interface performs the 
following functions: 

a) it programmes the channel frequency of the syn- 
thesiser 14, loading it with the appropriate values 
stored in its EE PROM; 

b) it monitors the status LEDs 18-28, the two push 
button selector switches 30,32, and the channel in- 
dicator 34, allowing the operator to select the re- 
quired channel frequency and start-up mode for the 
probe; 

c) it controls the operation of the transmitting and 
receiving photodiodes 46,48, and some audio sig- 
nals for the operator as described below. The mi- 
croprocessor continuously monitors the status of 
the optical receiver 48, and when it recognises that 
a signal is coming in from the probe, it initiates a 
dialogue to display the probe status (channel and 
start-up mode) on a display panel, and sets the tim- 
er to provide the audio signals. 

The microprocessor 40 in the probe performs the 
following functions: 

a) it programmes the frequency of the synthesiser 
upon receipt of a signal from the interface, and gen- 
erates the timing and sequencing of the radio trans- 
mission of the probe; 

b) it controls the operation of the transmitting and 
receiving photodiodes 50,52. A watchdog circuit ac- 
tivates the microprocessor if it detects a start con- 
dition of the probe, or if the battery is changed. In 
this case the microprocessor activates its program- 
ming protocol which consists of sending a signal to 
the interface through the optical transmitter, but rf 
no reply is received within a given time period the 
activity is aborted. 



45 The system is operated as follows: Priorto inserting 
the probe into the machine, the status of the on/off 
switching and the frequency channel of the radio trans- 
mission system can be checked by bringing the probe 
into the range of the two-way communication link be- 
so tween the probe and the interface. Once the communi- 
cation link is established the probe transmits to the in- 
terface the status of its programmed functions, that is 
the frequency channel which it has been programmed 
to operate on, and the modes by which the probe will be 
55 switched on and off. 

The receiver on the interface is programmed to re- 
ceive probe information over a predetermined interval, 
for example 5 seconds, during which time it emfts a reg- 
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ular beep in order to indicate that it is in receiving mode. 

The microprocessor in the interface causes the 
probe program information to be displayed by indicating 
the channel number on the channel display, and by light- 
ing up the appropriate sequence of status LEDs on the 5 
switching display. If the actual probe programming co- 
incides with the desired probe programming, the probe 
is then removed from the interface and can be inserted 
into the machine tor use. 

If the programmed information in the probe is incor- w 
rect, the operator is able to program the interface with 
a set of instructions to be passed to the probe in order 
to change the probe's programming. The channel is re- 
programmed by pressing one or other ol the two selector 
buttons, one of which will increase the channel number ?s 
and the other one of which will decrease the channel 
number until the correct channel is shown in the channel 
display window. Up to 70 different channels can be se- 
lected in this manner. 

In order to change the onfoff switching mode, the 20 
two buttons are pressed simultaneously and each time 
they are pressed a different switching mode will be 
shown by illumination of two of the status LEDs. As can 
be seen from Fig 3, the operator can choose between 
an optical switch-on method, which is indicated by light- 25 
ing up the OPT LED, or a mechanical switching method 
which is indicated by lighting up the SW LED. In combi- 
nation wfth either of these methods, there are three fur- 
ther choices indicated by modes R.T and S. When these 
LEDs are lit they indicate whether the switching method 30 
will be centrifugal, represented by R, by timing, repre- 
sented by T, or by a mechanical switch represented by 
S. 

Thus, we have for example, five on/off switching 
modes as follows. 3S 

1 . When both the SW and R LEDs are lit, this indi- 
cates that the probe will be switched on and off by 
spinning the probe in the machine to actuate a cen- 
trifugal switch. 40 

2. When the SW and T LEDs are lit, this indicates 
that the probe will be switched on by the centrifugal 
switch but will be switched off after a time interval 
from the end of the last probing operation. 4S 

3. When the S LED is lit, this indicates that the probe 
will be switched on by a mechanical switch in the 
shank, which will be automatically operated when 

the probe is inserted into the machine, and once so 
again will be automatically operated to switch the 
probe off when the shank is removed from the ma- 
chine. 

4. When the OPT and R LEDs are lit, this indicates 55 
that the probe will be switched on and off by optical 
signals from a machine mounted transmitter 51. 



5. When the OPT and T LEDs are lit, this indicates 
that the probe will be switched on by an optical sig- 
nal from the machine but will be switched off after 
a certain time interval has elapsed since the last 
probing operation. 

Once the operator has set the required programmes 
into the memory of the microprocessor, the probe can 
be brought back in front of the interface to within trans- 
mission range of the infra-red transmission system. Dur- 
ing the first 5 seconds the interface will show the pro- 
gramming which is set into the probe, but if the probe is 
maintained in this position for another 5 seconds while 
a continuous beep is emitted by the interface, this indi- 
cates that programming of the probe by the interface is 
imminent. After this 5 second interval, communication 
between the probe and the interface is reversed and the 
interface now sends programming information across 
the infra-red transmission link to the microprocessor in 
the probe. 

The microprocessor in the probe then actuates the 
synthesiser to change the frequency of the radio trans- 
mission circuit, and activates the appropriate on/off 
switching circuit. The newly programmed information is 
also stored in the EEPROM of the microprocessor in the 
probe. 

During the programming routine, the programming 
status LED is lit and the probe emits a rapid double beep 
to inform the operator that programming is taking place. 
At the end of the programming sequence the new status 
information is shown by illumination of the status LEDs 
and the new channel programmed into the probe is 
shown in the panel indicator window. 

If programming for some reason is not completed 
the interface will emit a permanent beep and the pro- 
gramming LED will switch out. The operator then has 
an opportunity to start the programming sequence all 
over again. 

It can be seen that by means of the invention it is 
possible to provide a single probe programmable with 
up to 70 different radio channels and with 5 different on/ 
off switching modes. This dramatically cuts down the va- 
riety of probes which have to be made available to cus- 
tomers, and gives the customer the flexibility of pro- 
gramming one probe to suit the circumstances. 



Claims 

1 . A programmable probe system for a machine char- 
acterised by a probe (2), an interface (10) and a 

wireless communication link (46,48,50,52) therebe- 
tween, wherein: 

the probe includes a plurality of optional fea- 
tures which are selectable by external program- 
ming, and a microprocessor (40) which is pro- 
grammable to select any one of the optional 
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features; 

the interface (10) is mountable on the machine 
and Includes a microprocessor (16) which is 
programmable by an operator to determine 
which of the optional features in the probe is to 5 
be selected; and 

the wireless communication link includes a 
transmitter (46) on the interface for sending to 
the probe a signal which comprises program in- 
structions for the microprocessor relating to the 10 
selection of optional features to be made, and 
a receiver (52) on the probe for receiving said 
signal to enable the microprocessor in the 
probe to make said selection of one of the op- 
tional features. ;s 



6. A programmable probe system according to claim 
5 wherein the wireless communication link compris- 
es at least one oplical transmitter and receiver. 



2. A programmable probe system according to claim 
1 the probe including, a power supply (44), probe 
electronics (42) for generating probe data to be sent 
to the machine, characterised in that the optional 20 
features are switch circuits (43) by means of which 
the probe electronics may be disconnected from, 
and connected to, the power supply. 



3. A programmable probe system according to claim zs 
1 and further comprising a radio transmitter (36) in 
the probe and a radio receiver (12) in the interface 
whereby probe data signals are transmitted from 
the probe to the interface, characterised in that the 
optional features are a plurality of frequency chan- 30 
nels of preselected bandwidths. 



4. A programmable probe system according to claim 
3 characterised by frequency synthesisers (38.14) 
provided in the probe and interface for changing the 35 
frequency of said signals between the pre-selected 
bandwidths, wherein the microprocessor in the in- 
terface stores the channel data and is programma- 
ble by an operator to select a channel, to activate 
the synthesiser to tune the radio receiver to the se- 4Q 
lected channel frequency and, when required, to 
communicate the selected channel to the probe 
across the wireless communication link (46,52), 
and further wherein the microprocessor in the probe 
is programmed to receive the channel selection in- 4S 
formation from the interface and to activate the syn- 
thesiser in the probe to tune the radio transmitter to 
the same channel frequency. 



5. A programmable probe system according to any so 
preceding claim wherein the wireless communica- 
tion link further comprises a transmitter (50) on the 
probe and a receiver (48) on the interface by means 
of which information relating to the status of the 
switch circuits in the probe and/or the channel f re- 55 
quency programmed into the probe are communi- 
cated to the interface. 
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